Farmer knowledge of insect pests' risks in a changing climate is important in managing insect pests' incidence. A total of 250 vegetable farmers from 5 wards in Zimbabwe were sampled using a semi-structured questionnaire to assess their knowledge on climate change risk, its impact on vegetable insects pests and management strategies to reduce the increased incidence of insect pests. Focus group discussions, key informant interviews and field observations were also used. Droughts and elevated temperatures were perceived to have the greatest impact on vegetable insect pests resulting in their increased incidence. Aphids, cutworms and whiteflies were identified among the major pests that have increased. The majority (53%) of the farmers cited high vegetable losses from insect pests attack. All the respondents (100%) revealed the use of chemical insecticides during production of vegetables. A higher proportion (60%) perceived effective control, 34% perceived reduced efficacy and 6% were not sure of effectiveness of chemical insecticides. Management strategies to cope with the increasing insect pests and diseases on vegetable production also included planting insect resistant cultivars, certified seeds, increased frequency of application of synthetic insecticides, insecticide mixtures, use of more hazardous chemical insecticides and increasing the rates of application resulting in insecticide overuse. There is need for government to facilitate development and adoption of Integrated Insect Pest Management (IIPM) and raise awareness on avoiding overdependence on chemical insecticides. Modelling tools that support adaptation planning needs to be developed to forecast climate change risk and the resultant incidence of insect pests.
and indirectly through the changes to the population dynamics and geographic distributions of crop pests (Khan et al., 2014) . Insect pest species result in crop losses of about 13.6% of global agricultural production (Dhaliwal et al., 2010) . In Zimbabwe, several studies have been conducted linking climate change with farmer vulnerability (Moyo et al., 2012; Mtambanengwe et al., 2012; Mucharia, 2012) . However, these studies have only focused mainly on farmer knowledge of cereal yields such as maize (Mapfumo et al., 2013; Rurinda et al., 2014) , but have not incorporated farmer knowledge on vegetable insects pests and farmer management practices considering the importance of vegetable crops nutritionally and economically. Most vegetable crops are grown in agro-ecological zones which are different from their regions of origin, therefore, they are more susceptible to adverse bioclimatic factors and the associated losses (S. Singh & D. R. Singh, 2013) . There is thus a gap in assessing smallholder farmer's knowledge and management of insect pests under a changing climate (Adam et al., 2015) .
An understanding of the farmer's knowledge of climate risk is important because it is a prerequisite for adaptation strategies that can be employed to reduce vulnerability to climate change (Sarr et al., 2015) . Adaptation measures are of critical importance because the weather patterns have already changed and the changes are expected to continue even if mitigation measures are immediately put into place (Cobon et al., 2009) . Without adaptation strategies, climate change is very undesirable to the agricultural sector, but with adaptation, vulnerability can be greatly reduced (Jiri et al., 2015) . Farmers' knowledge and management practices may, therefore provide essential information for successful development of successful future pest management strategies (Kihupi et al., 2015) .
This study focused on the concepts of knowledge and practices, which have been previously used in some studies in developing countries (Adam et al., 2015; . Since adaptation is key for improving food security (Kihupi et al., 2015; Ramirez-Villegas & Thornton, 2015) , there is need to identify adaptation strategies in the management of insect pests by the smallholder farmers in a changing and variable climate and hence improve food security. The research will be of importance in identifying sustainable solutions to agricultural production constraints by incorporating farmer views into research for development of food security programmes (Okonya et al., 2013) . In Zimbabwe, there are five distinct agro ecological regions which imply that there may be different insect pests which are found in these agro ecological regions as well as different management strategies to insect pest management depending on the farmers' agro ecological region. It is against this background that the study was conducted to examine smallholder farmers' knowledge with regard to insect pests of vegetables in a changing climate and the adjustments to insect pest management practices to minimise vegetable losses.
Materials and Methods

Description of Study Area
The study was conducted in five wards which represented 5 different agro ecological regions also known as natural regions (NR) based on rainfall regime, temperature and soil quality among other factors (Vincent & Thomas, 1960) . The quality of the land resource declines from NR 1 through to NR 5 (Moyo, 2000) . These five wards were located in Chipinge, Goromonzi, Mutoko, Masvingo and Chiredzi districts. The ward which produces most vegetables in each agro ecological region was randomly selected for this research. These were Gwayagwaya ward in Chipinge district (NR1; 1118 metres above sea level, masl, greater than 1000 mm annual rainfall), Munyawiri ward in Goromonzi district (NR2; 1515 masl, 750-1000 mm annual rainfall), Mawanga ward in Mutoko district (NR3; 1168 masl, 650-750 mm annual rainfall), Zimuto ward in Masvingo district (NR4; 1166 masl, 450-650 mm annual rainfall) and lastly Chilonga ward in Chiredzi district (NR5; 485 masl, less than 450mm annual rainfall).
Survey Design
This research study employed a mixed methods approach where individual farmers in selected households were the principal units of observation. Mixed methods integrate both quantitative and qualitative research techniques, into a single study therefore enabling a deeper understanding of the subject (Johnson & Onwuegbuzie, 2004) . Data collection was accomplished using a semi-structured survey questionnaire (Blandford, 2013) , focus group discussions (Freitas et al., 1998) and field observations. A survey data set containing detailed quantitative data from 250 households from the five agro-ecological regions of Zimbabwe was used. The strata that were used in this research were the agro ecological regions. The respondents were purposively selected based on merit of vegetable production as perceived by the district agriculture extension officers (AREX) and those farmers who have stayed in the area for more than thirty years.
Sampling Procedures
The procedure for selecting the sampled households involved three stages. In the first stage, a list of wards actively participating in vegetable production was identified from the five agro ecological regions. In the second stage, one ward was randomly selected. Each ward was composed of approximately 500 smallholder farmers. From the randomly selected ward, a 10% sample size was used to come up with 50 farmers per ward. Five villages from each ward that were perceived by the extension officers as to be more active in vegetable production were identified and selected. In the final stage, 10 households from each of the 5 villages were then randomly selected for the purpose of this study.
Pretesting of the Questionnaire
Pretesting of the survey questionnaire was done on five households in each agro ecological region where farmers were not surveyed. Pre-testing of the questionnaire was done to get used to the data collection exercise, enable a better understanding of the subject being investigated, to help the researchers to practice the interviewing technique, to provide the researchers with the opportunity to probe relevant responses from the focus group participants as well as to identify and address shortcomings of the questionnaire. After pretesting of the questionnaire, changes were made in the expression of some questions to be asked.
Agricultural extension (AGRITEX) enumerators that were conversant with the study areas were hired to conduct the household interviews during the field research. Before the surveys were conducted, enumerators received field training on the survey instruments and ethical considerations of this research. To minimize bias, questions were interactive and farmers were allowed to indicate other answers in case the stated options did not meet their responses. This technique was useful in exploring the responses of the farmers to gather more and deeper information on the subject.
In addition to the survey questionnaire, three focus groups meetings were held in each district whereby each group was composed of 16 farmers. The focus group discussions were carried out with the anticipation of a wider range of responses from group responses thereby allowing participants to build on each other's ideas and comments. Knowledge, in this context, refers to what farmers know about the problem of vegetable pests that are responding to a changing climate while management practices refer to the actual actions that farmers take to control the insect pests. Information was collected on climate induced risks affecting insect pests in vegetable production, the corresponding vegetables affected, the status of natural enemies, an estimate of crop yield losses as a result of insect pest attack and the various management practices to reduce insect pest hazard in a changing climate. On natural enemies, photographs were also used for the correct identification of natural enemies that prey upon some common insects in the country.
Statistics and Data Analysis
The data was subjected to a one-way analysis of variance ANOVA at P < 0.05 to assess any differences between agro-ecological zones and the farmer's responses using SPSS version 16. At P < 0.05, a Post Hoc Multiple comparison was used to determine the agro ecological regions that exhibited significant differences. Descriptive statistics such as frequencies, percentages and ranking were also used in the study.
Results
Major Climate Induced Challenges to Vegetable Production
The survey results revealed that across all the agro ecological regions, there was were no significant differences on the challenges that are encountered by farmers in vegetable production. Overall, the majority (40.8%) of the respondents cited droughts and a corresponding inadequate irrigation water as a major challenge to vegetable production. Insects, plant diseases and weeds were cited by 24%, 24% and 11.2% of the total respondents respectively. This implies that the various challenges that affect vegetable production were independent of the agro ecological region in which the farmers were located, but were uniform across the various agro ecological regions.
Extent of Crop Losses from Insect Pests and Disease Attack
In terms of crop losses attributable to insect pest attack across the agro ecological regions, fifty three percent reported high vegetable losses, 27% indicated that the losses from insects and diseases were moderate and 20% indicated that losses due to insects and diseases were low. However there were significant differences (P < 0.05) on the extent of crop losses between the agro ecological regions. The extent of vegetable losses in natural regions 1, 2 and 3 were not significantly different from each other but they were significantly higher compared to extent of vegetable losses encountered in natural regions 4 and 5 (Table 1) . This shows that the major vegetable jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 12; 2017 producing regions were affected more by insect pest attack than the agro ecological regions where vegetables are produced on a much smaller scale. Note. Values in the tables indicate percentages, P < 0.05 shows there was a significant difference, * indicates highly significant at P < 0.01.
Farmer Ranking of Major Vegetable Insect Pests
Using the problem ranking matrix, the study showed that the top three insect pests that mostly affected vegetable production across all the agro ecological regions were aphids which were cited by all (100%) of the respondents, cutworms cited by 98% and whiteflies which were cited by 86%. However armyworm were the least cited insect pests with a fewer respondents (31%) compared to the other insect pests (Table 2) . Source: Survey data (2015).
In the focus group discussions, aphids were cited by the majority of the farmers as the discussants highlighted that the pest feed on a wide range of field crops, vegetables, ranging from the brassicas (rape, cabbages, mustard), solanaceous (tomatoes, potatoes), cucurbits (squashes) and other vegetables. The diamond back moth was cited as an important insect pest amongst the leafy vegetables such as rape, kale, cabbage and cauliflower. Farmers noted that most of the damage caused by the insect pests resulted in destruction of the vegetable foliage, stunted growth, reduction in the quality of leafy vegetables and hence death of the plants. However the majority of the farmers were not aware of the ability of the insect pests to transmit plant diseases, although from our field observations, there were disease like symptoms which were evidenced by the mosaic pattern on aphid infested vegetables such as the tomatoes.
The Frequency of Spraying and Effectiveness of Synthetic Insecticides
Across the five agro-ecological regions, all the respondents interviewed indicated that they spray chemical insecticides to manage insect pests at some point during the production cycle of vegetables. There was no significant difference (P > 0.05) in the frequency of spraying insecticides across the five agro ecological regions. Forty four percent highlighted that they spray vegetables at an average frequency of once per month, while 29% spray insecticides twice per month and 27% spray vegetables more than two times per month, indicating a high insecticide use. There was a significant difference on the perceived effectiveness of the chemical insecticides within the 5 NR between (NR1, NR2 and NR3) and (NR4 and NR5). There was no significant difference in the effectiveness of the chemical insecticides between NR1, 2 and 3 where the insecticides were was reported to be effective. The responses of farmers in NR1, 2 and 3 were significantly different from those of NR4 and NR5 at P < 0.05. The farmers in NR4 and NR5 felt that the chemical insecticides were ineffective. However, across the agro ecological regions, the majority (60%) of the farmers highlighted that the chemicals insecticides were effective while 34% felt that some insecticides were ineffective and 6% had mixed feelings on the effectiveness of the chemical insecticides.
Farmer Choice of Synthetic Insecticides Used in Insect Pest Management
In the focus group discussions, management of the perceived increasing insect pests' incidence mainly involved the use of various chemical insecticides which included the synthetic carbamates (carbaryl and aldicarb) and organophosphates (acetamiprid, malathion, diazinon, tamaron, monocrotophos and chlopyriphos). Organochlorines that were used by the farmers include dicofol as well as the pyrethroids such as fenvalerate. However, some farmers use insecticides that are intended for use on non-food crops such as tobacco and cotton (monocrotophos, tamaron) citing that the green labelled chemicals that are intended for use on vegetables such as dimethoate (locally known as rogor) are no longer effective and have resorted to use of red labelled chemicals which are highly toxic. The chemicals that were cited as being effective by the farmers are mainly the chemicals in the high to extreme toxicity group (Table 3) . Note. CL: Cabbage looper; *Indicates an insecticide that is not registered for use on a particular pest in vegetables.
Source: Focus group discussions (2015).
In the focus group discussions, the majority of the discussants did not know the role that is played by natural enemies in the control of insect pests. However, the natural enemy that the farmers knew was the lady bird beetle jas.ccsenet.org Vol. 9, No. 12; 2017 and it was believed that its population had declined. However from our observations, the fields that were frequently sprayed (sprayed for at least twice per month) with chemical insecticides had no signs of any natural enemy compared to fields that were sprayed less frequently (once per month) which hosted some ladybird beetles.
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Other Insect Pest Management Strategies Used by Farmers
There was no significant difference (P > 0.05) on the type of insect pest management strategy that was implemented by the farmers across the five agro ecological regions. In all the agro ecological regions the majority (28.8%) of the farmers intercrop vegetables with other plants (e.g. kale intercropped with onions or garlic). This was followed by the use of chemical mixtures which was practised by 25.2% of the respondents. Trap cropping was practised by 20.4% while 5.6% removed plants that were severely infested with insect pests from the fields and 20% rotated vegetables for insect pest control. In the focus group discussions, the farmers highlighted that they have adopted traditional measures from the use of plant extracts such as using the apple of Peru (Nicandra physalodes), chilli extracts (Capsicum annum), garlic (Allium sativum) extracts, increasing diversity of vegetable crops within fields, reduction in the size of land that is under vegetable production, location of vegetable gardens near homesteads where they can constantly monitor insect pests and take appropriate control measures. Regular weeding in and around vegetable gardens was also highlighted by the farmers as one of the measures of controlling insect pests as the weeds were indicated to harbour some insect pests which would migrate easily to the adjacent vegetable crops.
Discussion
The majority of the farmers in this study were aware of the climate induced challenges to crop production. This was similar to studies that were carried out in Uganda (Okonya et al., 2013) . Climatic factors affected vegetable production leading to low yield because vegetables crops are very sensitive to environmental extremes, and therefore high temperatures and limited soil moisture exacerbated by climate change directly though yield losses and indirectly through increases in insect pest incidence reduce productivity in the tropical regions (S. Singh & D. R. Singh, 2013; Singh & Bainsia, 2015) .
The majority of the studies that were conducted in several African countries showed that insect pests are some of the greatest challenges to vegetable production in an environment of a changing climate (Emana et al., 2015; Midega et al., 2013) . This was also in line with the observation of Munthali and Tshegofatso (2013) and Norman et al. (2014) in Botswana and Sierra Leone respectively who indicated that the majority of the farmers surveyed associated vegetable yield loss to insect pests attack under warming climate conditions. In a related research that was carried out in Tamil Nadu in India, farmers perceived insect pests as the most critical bioclimatic challenge resulting in 65-70% of vegetable loss as a result of the destructive activities of insect pests such as the fruit borers, whiteflies and thrips (Schreinemachers et al., 2015) . This suggests that much of the damage on vegetables and related losses were attributed to insect pests attack whose populations and hence destructive activities are magnified by a warming climate.
The farmers reported an increase in insect pest abundance in a changing climate with the top three insect pests being the aphids, cutworms and the whiteflies. Aphids being more abundant under warm conditions, are also found on the growing points of vegetables therefore making them more visible to the farmer. Cutworm was ranked as another important insect pest of vegetables because their early arrival in the life cycle of vegetables and their cutting down of tender plants make them more easily noticeable by the farmers (Okonya & Kroschel, 2015) .
The use of chemical insecticides by all the respondents across the agro-ecological regions as a result of their effectiveness was in line with a study that was carried out in Thailand, Vietnam, India and Pakistan which showed that all the smallholder farmers in these four Asian countries relied heavily on synthetic pesticides to control insects' pests Schreinemachers et al., 2015) . In Pakistan, Punjab district where crops are produced, all the farmers surveyed reported using insecticides extensively as the only effective way of controlling pests . The perceived reduced efficacy of some insecticides such as dimethoate could also have been due to some extreme temperatures in NR4 and NR5 which degrades most organophosphates thereby rendering many of the chemical insecticide products to be less effective in a warming climate (Musser & Shelton, 2005) . In addition, the increase in insect pests as a result of a warming climate could also have led to increased use of chemical insecticides among the farmers (FAO, 2006) This might have led to insecticide resistance due to continuous use of synthetic insecticides (Fand et al., 2012; Cothran et al., 2013) . This however requires further increases in the rates of insecticide application and the use of more hazardous chemical insecticides. in Pakistan who noticed that 55% of the smallholder farmers used moderately hazardous while 23% used highly hazardous chemical insecticides because of their perceived effectiveness compared to the mild insecticides.
Farmers cited reduced effectiveness of natural enemies while others were not sure of the status and role of the natural enemies in insect pest management. This could have been as a result of low knowledge about natural enemies among the smallholder farmers. This was similar to observations that were conducted in Benin (Loko et al., 2013) and Uganda (Okonya & Kroschel, 2016) which showed that smallholder farmers are not aware of the role that is played by natural enemies. The excessive use of synthetic insecticides could have also eliminated both target and non-target species thereby increasing the susceptibility of natural enemies to insecticides and a corresponding reduction in their populations (Chidawanyika et al., 2012; Selvaraj et al., 2013) . In addition to the excessive use of chemical insecticide, the small and delicate nature of most of the natural enemies also makes them susceptible to weather extremes (high temperature, wind and heavy rainfall) which are characteristic of a changing climate thereby resulting in a decline in their populations (Fand et al., 2012; Gerard et al., 2012) . In an experimental study that was carried out in Southern California, a 3 °C increase in average summer temperatures resulted in a reduction in offspring production by about 90% for an important beneficial wasp (Cotesia marginiventris) (Trumble & Butler, 2009 ). This therefore means that with a warming climate, there is most likely to be a reduction in the abundance and activity of natural enemies.
The use of chemical mixtures in this study was similar to the practice of smallholder farmers in Asian countries such as Pakistan and African countries such as Uganda who mix various synthetic insecticides into single sprays in order to effectively control crop pests Okonya & Kroschel, 2015; Schreinemachers et al., 2015) . Insecticide mixtures have a synergistic effect in insect pest control thereby enhancing the effectiveness of insect pest control under warming conditions (Abd El Mageed & Shalaby, 2011) .
Cultural insect pest management practices such as intercropping, removal of heavily infested plants and switching to disease resistant cultivars have also been manipulated by smallholder farmers to manage insect pests. Specialist insect such as the diamond back moth (Plutella xylostella), which only attacks cruciferous crops, is an example of insect pest with a narrow host range which can be managed by intercropping with a crop that belongs to a different family (Smith & Liburd, 2015) . Intercropping a susceptible and a non-susceptible crop control insect pests by interfering with the ability of an insect to detect host plants by the production of volatile chemical compound by the component crop that confuse the insect (Smith & Liburd, 2015) .
Removal of heavily affected plants and the use of pest resistant plant varieties was practiced by sweet potato farmers in Tanzania where 72% of the farmers in the Mara region removed affected plants from the field while (55%) stopped growing a variety in their field or got a resistant plant material (Adam et al., 2015) . This management strategy reduced the chances of migration of insect pests to adjacent healthy crops or fields (Okonya & Kroschel, 2016) .
Trap cropping in insect pest management results in fewer pests on the main crop than if the trap crop were not present especially in specialist insects which have a narrow host range such as diamond back moths (Zhou et al., 2011) . In Florida, a plant of the Brassica family, collard greens (Brassica oleracea var. Acephala L.) has been used as a trap crop to suppress infestations of diamond back moth larvae in cabbages (Mitchell et al., 2000) . In an experiment where tobacco was produced, Colocasia esculenta hosted large numbers of the adults of second generation S. litura and provided adult females with an optimal oviposition site, hence the number of egg masses on tobacco was lower in trap cropping than in treatments where the tobacco pest was chemically controlled (Zhou et al., 2011) .
Farmer support services such as agricultural extension services increase farmer's knowledge on the risks associated with climate change as well as the management options (ATPS, 2013). Other sources of insect pest management information such NGOs had fewer respondents but were important in the dissemination of pest management information. This was in line with a study that was carried out in Tanzania which showed that apart from farmer extension services as the main source of information, farmers can also acquire information on various farming ideas through other means such as through farming experience and various informal networks (Adam et al., 2015) . In a related study that was carried out in Italy, it was shown that apart of agricultural extension, farmers' field days were found to be effective way of communicating risks and adaptation options to a changing climate (Menapace et al., 2015) .
Conclusion and Recommendations
Increasing temperatures, increased abundance of insect pests, plant diseases and weeds have been identified by the farmers as the major challenges to vegetable production under a changing climate with increasing jas.ccsenet.org Vol. 9, No. 12; 2017 populations of insect pests such as the aphids, cutworms and whiteflies across all the natural regions. Chemical insect pest management through application of increased insecticide rates, increased frequency of application and mixing chemical insecticides have been found to be the major strategies that were used by farmers for the management of insect pests in a changing climate resulting in overuse of chemical insecticides. Cultural insect pest management strategies such as intercropping, crop rotation, removal of affected crops and use of trap crops have also been used by farmers to control insect pests. The study revealed that smallholder farmers have little knowledge of the role that is played by natural enemies in the management of insect pest, therefore there is a need to train smallholder farmers or improve their understanding on the identification as well as the role that can be played by natural enemies in insect pest management so as to conserve them. Farmer training on adoption of more environmentally friendly strategies such as Integrated Insect Pest Management (IIPM) to reduce over reliance on chemical insecticides and therefore adapt to increasing insect pest challenges under a changing climate is also of importance. Forewarning models for predicting insect arrival, presence, absence or abundance based on earlier climate profiles will be of importance in order to provide a more precise spatial distribution of insect pests in the various agro ecological regions of Zimbabwe which assists in estimating the potential vulnerability of the farmers.
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